The current report describes two patients with severe heart failure due to dilated cardiomyopathy in whom discrepancy between thermodilution cardiac output and clinical status was due to left-to-right shunt. Misdiagnosis of shunting was harmful in the early management of the first case. Secundum type atrial septal defect was confirmed by pathology in both cases. Blood samples for oxymetry should be routinely drawn during right heart catheterization for screening for intracardiac shunts. Using bedside echocardiography pulmonary-to-systemic flow ratio should also be systematically evaluated in the setting of right ventricular dilation.
Introduction
Pulmonary artery catheter is a useful tool to tailor therapy during initial evaluation and management of critically ill heart failure patients. It provides measurement of right artery, right ventricular, pulmonary artery and pulmonary capillary wedge pressures, and measurement of cardiac output by thermodilution. However, significant pitfalls should be known. The present report suggests strong proposals to systematically search for intracardiac shunt in the setting of left cardiac failure associated with enlarged right ventricle.
Case presentation Case 1
A 34-year-old man was admitted to our institution for severe shortness of breath. His past medical history was significant for hepatic and renal polykystosis and mild chronic renal failure. He denied any alcohol abuse or family history of heart disease and was able to play tennis 2 months ago. Initial diagnostic procedure including clinical examination, chest radiograph, and bedside transthoracic Doppler echocardiography allowed rapidly to confirm severe low-output heart failure due to dilated cardiomyopathy (left ventricular ejection fraction 20%). Of note, right ventricle and atrium were severely dilated and right ventricular systolic pressure estimated from tricuspid regurgitation velocity was at 20 mmHg. EKG showed left bundle branch block. Results of laboratory tests are given in Table 1 . In order to maintain systemic blood pressure, dobutamine infusion was initiated in addition to furosemide. Because of poor response, pulmonary artery catheter was inserted. Cardiac output index and pulmonary capillary wedge pressure were measured unexpectedly at 2.6 L min 21 m 22 and 22 mmHg, respectively. Because of recurrent ventricular tachycardia, inotropic therapy had to be discontinued. Because of increasing serum lactate levels associated with signs of liver dysfunction, extracorporeal life support circuit was implanted 11 h after admission in order to maintain end-organs function for urgent heart transplantation. No heart donor could be found. Early improvement was followed 4 days later by patient's deterioration with the onset of refractory ventricular fibrillation complicated by massive pulmonary oedema. Despite biventricular paracorporeal Thoratec ventricular assist device (Thoratec, Pleasantown, CA, USA) implantation, development of severe pulmonary hypertension that precluded left atrial filling and left ventricular assist device function lead to the patient's death in the operating theatre. Pathological diagnosis was dilated non-ischaemic cardiomyopathy associated with ostium secundum atrial septal defect (ASD) and pulmonary artery remodelling without embolism.
Case 2
A 26-year-old man was admitted because of low-output heart failure. He was a current smoker and drank alcohol occasionally. The patient reported increasing shortness of breath for about 1 month and peripheral lower limb oedema for 10 days. EKG showed narrowed QRS width. Laboratory data are given in Table 1 . Bedside echocardiography revealed enlarged and severely depressed right and left ventricles (left ventricular ejection fraction 15%) (Figure 1 and Supplementary data, Loop 1). Dobutamine infusion was initiated allowing 4 days later normalization of hepatic function, but could not be discontinued. Further echocardiographic examination found that enlargement of the right ventricle stemmed from a pulmonary-to-systemic flow ratio estimated at 4.4 ( Figure 2 ) associated with ostium secundum ASD. Comprehensive pulmonary artery catheterism was performed showing cardiac output index at 3.1 L min 21 m 22 and pulmonary capillary wedge pressure at 20 mmHg. Mean pulmonary artery pressure was 26 mmHg. Oxygen saturation was 36% in inferior vena cava but 89% in the right atrium and 84% in the pulmonary artery trunk. The patient had uneventful heart transplantation 2 weeks later. Pathological findings were compacted dilated cardiomyopathy associated with ostium secundum ASD.
Discussion
While invasive measurement of right-and left-sided filling pressures and cardiac output is routine in guiding inotropic and pressor support in the management of circulatory compromised patients, these observations allow to emphasize that discrepancy between severity of cardiac failure and results from cardiac catheterism should alert the physician to search for pitfalls. Left-to-right shunt implying specific therapeutic management needs to be considered in the presence of right ventricular enlargement. Using bedside echocardiography pulmonary-to-systemic flow ratio should be systematically evaluated in the setting of right ventricular dilation. Importantly Swan Ganz catheter allows to assess right-sided heart output that is equal to the systemic cardiac output only in the absence of intracardiac shunt. Blood samples should be routinely obtained from vena cava and pulmonary artery to search for intracardiac shunts during Swan Ganz catheterism in these severely ill patients. While atrial arrythmia, right ventricular failure, or paradoxical embolization are the usual mode of presentation in older patients with ASD, left ventricular failure is an exceedingly rare presentation for this congenital abnormality. might be specifically due to gene mutations. Both left ventricular noncompaction myocardium and apical hypertrophic cardiomyopathy have been found associated with ASD. 1 -3 Experimentally, deficiency in endothelial nitric oxide synthase results in cardiac dysfunction and a high incidence of congenital atrial and ventricular septal defects in mice. 4 Incidence of ASD in end-stage heart failure patient has never been reported. The benefit of b-blockade therapy in this subset of heart failure patients is questionable. Finally, whether early ASD closure may slow or prevent development of left cardiac failure remains currently unknown.
In conclusion, dilation of the right ventricle in the setting of left ventricular failure should not be viewed only as a consequence of left cardiac disease. The use of comprehensive bedside transthoracic echocardiography including the ratio of pulsed Doppler cardiac output across the pulmonary and aortic valves and blood samples for oxymetry are essential to diagnose the concomitant presence of ASD in left ventricular failure for prompt and appropriate treatment of acute heart failure patient.
